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tc. iulEffi^N*-7 7r®£7)iI±tCigJt-&fi£fta5r I nG 
aN, A 1 InN, A 1 Ga I n N«0Wf 

k u to. Mttfkmnm^tmzft&mvt&f-gm 
i m&m 2 1 jjgaMtfm&M l . . g 

a N#> 4>=5r&*S14Ji k J: -> T^l^xog-^fgjtS: 
k i 0 . mfe*SttSfc:3l5gll*£3£A Lfc 
£ k Sr#iSi:-ri»W*3S 1 Ett<0iW*«3)fi*F. 
[»^S3 ] _kffij&K«±fc A IGaN.AlIn 
N. g£Wi. A 1 Ga I nN<OV^il*^<o^rSREffiii 
Sr^fiSiU K-o. GaNa^^vSttJIktci^Tr:/ 

[»*«4 ] JiIBlSftJIiK A 1 G a N % A 1 In 
N. ^V%« s A 1 G a I nNOV^-m^^^rSfSS® 
£ft*)£U I nGaN*^^:l.v£14«i:tCj:oT 

^7;l^xo&-£-fit}i£fl§j£-f 5 Zblzi.*)* WKiStt 

Jit=5i5g£*£*A tfc; k *wBib-r&mem 1 tea 

1. 0%WTT'S>§£i:^#ak-r§iS*Jl2^M4^ 
[00 0 1] 

t <ox-h i . 

[0002] 

u-ifffl*mfc Lxt±. 1 1 -v i «Hfc-&*ime*<oz 

nSelt, 1 1 1 - V £Hk-£!8)¥3l#<0 GaNIt ^ W5£ 
ZtiX^Z. 

[0003] -I<7)l*k Z n S e^(iXAS<0X1K2: LX 

HZ n Sel^fflt^Stti. £>i"U HW+Offl 
2&&<D A¥**Cl CO Z n S e $<9BT£Cti!9 LT V >Jt k V > 
0 mmtfb 0 . U — f*)Wft fcH UlJZnSe ^<0* 

[00 04] £<0ZnSe^tCO^Tti. JRCC. SAB 

ft l^ih vpmf * s £ t #> bmm&tfmm t & o . * 

[0005]-*, GaN»tf>%&fcii. 2*Fbu<0BS 
-ffc^tC «t5GaN Jt&SIJK L E DC9f£i££ , ZnSe- 

■•/ 9 \z%~> x o& flatten L-cwswittfc:»i 



[0006] Z<7)G a N^-fb-^^Wi. ^^yftQB 
r A rSKttV^tt 6 H - S i cmWLtlZMO 
H>f8.g:2itX^tz<7>X\ ZZX\ H4*#!!«l/rti!**> 
[ 0 0 0 7 ] 04 ( a ) #!& 

*-*\ (0001) ffi^ifflitSt^r-f 7SS2 1 
±(C» GaNflKS>'N'y7r®2 2Sr^LT. nlAl 
o., Ga M N?7 7K12 3. nIGaNM'f K@ 
24. In 0 .i Ga 0 . 9 NJStt*25. P SGaN3lfctf 
-f KJI2 6, piAl M Ga 0 .9 N?77H1 

2 7 £ M O V P E miZ X -5 T X t ? =5f v'-wHfcgS 
CO*>. X-yf-y^Cj: 9 nSA 1 , Ga 0 . 9 N?77 
HB23CO— g5$rSiai$-ti-T. T i /Aulg«g2 8*^ 
^SnHI«Sg$ri£ttSt^(C. pfiAl,., Ga M N 
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aAJ»8KJ:4U-irfHR<0JSSl!>O«ft <«g»5:4>tr, 
S. Nakamura et al. , Japanes 
e Journal of Applied Phys 
ics. vol35, P. L74, 1 996#K?HC*3 
lvCi>. L^V^fflSSE^*<4kA/cm2 UUii;^^ 

[0009]^^, wmtwrh vcoimmm. 

*i A * V ^ t % t' frh . la] t < L * V ^fflWa«a»«alf * 
^A#<^-i.£k*^Sa$ixTV^^-C\ ££T\ 124 
( b ) £#B8LT . G a N^-fbj^^tgftOAy K*f»t 

[ 0 0 1 0 ] 04 ( b ) #BS 

GaN^k^-^^CtJV^Tti. Wl^fciStt** 
H(Heavy Ho 1 e) tLH (Light Ho 

1 e ) tf2mztmL. xvymmsftmzxhftti 
n-^ju^-ttiiz-ftm lt*3 9, i/c. -eni-wc. g 

[0011] fkifi<0W3£t=J: 0. ^HiliAti. ± 
J^(73^^!5fe^O^*^^^^fcv^-Cti, nlAl,., G 
a 0 . 9 N^77K1237 , iIpIA1 0 . 1 Ga 0 . 9 
9 H«2 7«0ffil*H ; S : ?^Sc* i . GaNiKfi^' x^r® 

2 2<7)i£±c7)nSA 1 o. , Ga M N?77KI2 3<?) 

[0 0 12] L^-st, nlA 1 0 . , Ga 0 . 9 
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•y K®2 3±(C3b-UyKC^tJtnSGaN5\y/ 
^Hi24. Ga M I n 0 . , NrSHM25. P 
MG a Nft^M F S 2 6 itm?^&V&M&&®mz 
«t0. (000 1 ) BrtTEIBJjyj frgttS CI k 

[0013] ClOfiESIlS^C0^(c(i:. C H^*>- HO* 
— ;P*»fc*fcX*A^— #H HAy H . LHAy H 
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Ay H St* * 'J TTi»fcf«&»&*a 0 . U~tr*S£ $ 
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>- H*«f!>2»ttastt<o»wBiT* o . i «oa i suna 

121 #58 

( i ) *&mt. *»*«Mat?t:*jv^r. a«i±tc 

ffifflM 77712 SriStt & fc 1 1 (C. W< 77rl2 
OBlLfc:Rtt&rit*Ji3fc I nGaN, AlInN.i 
V^i. A 1 Ga I n NOVvf *t*»i: U J&RJB3 

o«^ja»**iStt« 5 (omT^mx o < £ t 

[0 0 16] ±S£cD J; *tiJHAtt. t7r-f7« 
(000 1 ) IJlIkL^ill^^TGaNM 

a'7 7tI2 OKJblcRttfcAAII 3 *>t&^ jgRtc J: -j 
T«S£S*L*£fcfcSU!.Lfc<Z>T» (Sa^-y7r«20 
itt±fc:iftftSfigfi«3Sr I nGaN, A 1 I nN. gS^ 
tt. A 1 Ga I nNOV^-m*>t U JLO. «I3<7) 

[0 0 17]-^, A'y Ftt$a£*tt#tt*»littttr 
[0 0 18] H2#.^ 
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A~f S-IifcrJ^T. CHAyF*<x*/Mf-W&TL 
T C H Ay H«»C <fc -oT Ay Ym*B&t&Z k fc=Sr 
0. ^-lT3&g3-£Srt:#>fcU:. CH Ay F<D*£*-v 

[0019] H2Kt>^Ttt. fi!SS§U9RTjjr$1I 
«tc*JV^T«. iUMft*>l*&****<&9. LHa> 
Hi: C H Ay H«aaBBBBb6«Anftb*»K:*-5T > C 
HAyF&x^i^-tt&tHKtt (HHfcUTfcJJLL 

[0020] < 2 > *»BJ±, Jhffi < 1 > C**V* 
t> *JM3tfN8Jl4£flMU JLo. GaN*>^ 

[002 1 ] £<0tt(C. Rtt«4 % UD*>. 27 5 y FJifc 
UTja*»3a«c^JBv^£kt:J:»). «B6IS3&«1B* 

[0022] < 3 ) ±15 ( 1 ) fcfcv^ 

T. ^c*«3±{CA IGaN. A 1 I nN, gtVifi, A 
1 G a I n NOVvfftrtv^/jrSKgjf 4 , 6 £®fi£ 

[0023] £<0»fc . MttJ|4 , 6 fcJftJHI 3 fc tiS'J 
If OST'fltj£^-& £kCJ:0. WrSgOlfrFJgft**^-* 
^ 9 » HJifc. IZmnmiffiQacDG a N^-fb^^* 

[0024] ( 4 ) JJE < 1 > t=*3V% 

Ts fi£^il3±{CA IGaN. A 1 I nN. ggVMi. A 
1 Ga I nNO^-Til*>*>/c> : S:l>KS^i4. 6?r^fi!<; 
L.IO, I nGaNK4*jStti5kfcJ:-jT^ 

[0025] £<0«fc:. KS«4 . 6 £j&fUi 3 ktiSU 
fflKOJi. Wtc. vSttil 5 J: 0 *S^«c*^Jn$ < . a««r 

[0026] ( 5 ) ±IB ( 2 ) ^TV^L 

(4 ) c7)^-rix*Hct5^T. vSttii5^A$itS?l5g 
S*3&*1. 0%JilTT'S>^»£i;5ri|t^i:-n>. 
[0027] ±3&?>mz, L#v»««a[*JKSr«MW-4 

k. BP*>. «^ja»3&»*=fir»)-f^4kRt43S(*«*U^r 
<^0. ^B a B tt^-ft:i-«»<0T\ 3m&*co±Z&Z 
1 . 0%OT*^ST'J)-?.. 
[00 28] 

c 3mconm<?>Bmi m 3 $r#ss l,t . ^n^sist^ 

S-f. (0001 ) ®Sr±Ekfl> "9-7 r^71Sl 1 
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±.lz. TMGa ( hy^/MrU^-M £10—1 0 0 
umo \/ft. Will 45«mo 1 /ft. 7^t-T 
5-0. 02—0. 2mo \/ft. Will 0. lmol 
/ft. RV. *-*VTtfXk. LTO7K&2:3 0 0-3 0 
00sccm> Mill 1000sccm5SL. ^1 
ffi*j£7 0 — 760Torr. Will lOOTorr 

ti. BS,ftjajs^4 00—80 ox;, Will 5oo*c 

Ufc*0BT\ IfS 1 0 0- 1 0 0 0 A . Will . 5 0 
OAOGaNffiigM'.y^rJl 1 2£j&K£-£6. 
[0029] §I#^V^T, TMGaSr2. 5 — 25,um 
o 1 Will lOjumol /ft. TMIn ( h U 
.X^/Ml'^-M Sr2 5~2 5 0/xmo 1/*. fiRIx. 

if. i o o^mo i ry^-rSro. 02—0. 

2mol/#. Mill 0. lmo \/ft. Wf. 
VTXfXbLXnhlz £30 0—3 00 0 s c cm. m 
ill 1 00 0 s ccmfcSSU j£ftE7j£ 7 0 — 7 6 
OTorr.flil 1 0 0 To r r U j£ftaK£ 
5 5 0-8 0 O'C. Milf. 6 5 0*Ci: Lfctt»T\ if 
$0. 1—2. O^m. Will 0. n 0 . 08 

Ga 0 .92NA77Tll 3 2: 

[0030]?l#l^t, TMA1 ihVX+A'TA'S. 

J-10-lOO/imol /#\ Will 4 5ju 
mo 1 /4h TMGaSrlO- lOO^mo \/ft. m 

ill 4 5aiiio i /ft. ry^-rzo. 02-0. 

2m o Will 0. lmo 1 /$K H-^*^ 

LX. Si 2 H 6 2:0. 0001 — 0. 002ji/mol 
/4h Will 0. 0 0 07/tmo I /ft. RXS. 
VTtiXt LX<7m 2 & 3 0 0— 3 0 0 0 sccra. Wl 
ill 1 00 0 s ccm£cSU l£:fdE:?j2: 7 0 — 7 6 
OTorr, Will lOOTorrtL, l£Jli&JK2: 
8 5 0-1 1 0 0-C. Will 9 5 O'Ci: Lfc#»T\ 
IPSO. 5 — 2. 5 /urn. Will 1. OjumcDnSU 
1 0 ., Ga 0 . 9 N7?-y KH 1 4 2-J&H 
[0031]§I^^UT, TMGaSrl 0—1 0 Ojum 
o 1/4K Will A3 umo \/ft. Ty^—TZ 
0. 0 2 — 0. 2m o 1 /ft. Will 0. lmol/ 
4K * t 'J 7^<: LT«)*»S 3 0 0-300 

Osccm, Hxlf. 1 0 0 0 s c cm£8KL. J&ftE 
^]?;70~760Torr. Will lOOTorrk 
U J&ftl&£2:8 0 0— 1 0 50'C.. Will 9 3 O'C 
tLtlW&X'. lf$3- 1 0 0 nm. Will 3 0nm 
^GaNvSttfll 5 2"l£:S£-£l>. 
[00 3 2] ?\%m^X. TMA1 2:1 0— 100//m 
o I /ft. Will 4 5 umo \/ft. TMGaSrl 0 
-1 OOtfmo 1 /4K mUZ. 4 5«rao 1 T 
y^—TiO. 02 — 0. 2 m o 1 /-ft. Will 0. 
lmo I /ft. t'^y^D^y^y'xa/l/V^y^A 
5-0. 01—0. 5//mo! Will 0. 0 5// 

mo 1 /ft. Mf. *vOTtf*t LX<7)H Z 2:3 0 0 
-3000sccm. Wilf. 1 0 0 0 s c c m2rs£ 



U Jfc&E7J2r7 0 — 7 6 OTo rr. Will 100 
TorrtL. fiUlia.8£8 5 0~l 10 0t, Wi 
II 9 5 0iC4:LfcttJllT\ JSSO. 5-2. Oum. 
Will 1. O^m^plAl,., Ga 0 . 9 N^7'yH 
11 6 2: 

[003 3] <KWT\ EJ£tt4;t>x-y (RI 
E)tC:«J:-?T. pMAIo.i Ga 0 . 9 N?77H116 
MnlAl,,, Ga 0 . 9 N?7 ••/ KJf 1 4 CD — g&2:X 

yf-^U SffiLfen&Al,.! Ga 0 .9 N?5»/K 
H 1 AlZnMWMk. LTOT i / AulSl 7 2:t£H 
—-ft. pIA1 0i1 Ga 0 . 9 N;7-yKIl 6±IH±p 
(l^BgfcLTN i/Aumfiil8 2:ISIt'S>. 

[oo34]#v>t\ |Bib<. gjce-r t/iTf^^ 
[0035] cio^. %rm<nmn<r>w?- rami i n 

o. oeGa 0 . 92 NA77Til 30 attcOfS?-^$Sc3 . 2 
1 8AT'«^$iX.&7t46. a|ft<7)1&?^*i3. 189 
A-t'£>&GaNiS1£®l4l;:{±0. gS^ISfiS*:* 1 ^ 

w^y v t &m%t <7>ffi<r>mmz x^x ]s—wmtm 

[0036] ±ie<OH*te^®t:t5V^TIl ffiiS 
A-y 7rlt UGa Nfgtfgyvy 7 r H2:ffl 

A 1 N^OffeC07"-f h5-f KSWfcfcftiMIWfcfcfflV* 

[0037] &tz. GaN<R?S^'-y7r@l 2coa_hlc; 
iSlt6^"-y7rSti. I n 0 . 08 G a 0 . 92 NyN* y 7 ril 1 
3X'foh>&^±%<. tikcr>&&i<7)l nGaNA.y7 T | 
J?» s Al I nNA 7 7rI^li:Al InGaNA-y? 
rm*m^Xt>&^i><VX'$>Z>tf. *<0*S^^Rtt, * 
£f&7fcfciSL*:GaNi^liI nGaNvSttSlCl . 0 
%MT<0®%ttZ2co?mmX-i: J 3-i.&tzMz. vStt 

[0038] itz. ±mcr>mmcr>mmiz)3^xit. vsn 
mt txGauzm^x^&tf. iHwtTh^izmt 

Til B B B Jt2:A 1, Ga,.,., In, N ( OSxS 1 . 0 
gySl) <7)IEHF*|-r'^iTt^v^(7)f$)0. 

1, Ga,.,. b I n b N(0^a=sl, 0^b^l)<7) 
®Hl*lT'^iTt^^. 

[0039] Will Al,., Ga 0 . 3 In,. 3 N?y 
•/Kliln 0 .| Ga 0 . 9 NvStt^Offl^&rav^T t> 
^CO^ICH A 1 0 . 4 Ga 0 . 3 I n 0 . 3 Nfy 
•y H«*5aHS<afS^jeft«3. 2 6 6Afc^0. alio 
t&^^* { 3. 2 25AT'S>I.Ga 0 .9 In,., NtStt 
«J: , ?^^< : S:^. =5r*i, Ga 0 . 9 In,., N. 
Al,., Ga u In 0 .3 Nc7)X^U d f-^ J r yTli. 
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G a N 3MI:£1iMIMW*fcffl1.vhJ«V\ 

mn<r>^ty^^-Y (led) 
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[ $PR<r>W)& ] *SMJlfc: <k tl i£ . G a N SMfcllrfWSStt 

JS£:frLTRttTV*3>OT\ GaNvSttJfjgUil nG 
aNJgttJMW43i^<ir^$cogi3gSi»**SSA$*T.. C 
h ) \' y H *^ < v H * h <r> T t § v m mSSffig £ <£M 

[Blf6«>ffi#&ltt9j] 

[0i ] *WR<nmmm&j&<nwmmvhz>. 

[02] GaNtfOfffim^coyN'^K^jgOM^fiSc^ttO 

[03] *m&mm<mm0)mmT$>z. 
[04 ] eawajft^RjiaR^oKHjH-c**. 
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14 nlAlj., Ga 0 . 9 N?7-yh'« 

15 G a N*S1±« 

16 pIA1 0 ,, Ga,.i N?7>vVm 

17 Ti/AuSSi 

18 Ni/AufS 

2 1 t7r-(7iS 

2 2 GaN«A' 7 7rl 

2 3 nlA 1 0 . j Ga u N^^-yHJl 

2 4 nfGaNM'fHl 

2 5 I n 0 . , Ga M Nv§tt« 

2 6 pMGaN3t^V b'Jl 

2 7 pIAIo.i Ga 0 . 9 N?7-yh'Jl 

2 8 Ti/Auii 

2 9 Ni/Aufi 
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